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1
SURGICAL INSTRUMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation of U.S. patent appli-

cation Ser. No. 14/507,877 filed Oct. 7, 2014, which claims
the benefit of and priority to U.S. Provisional Patent Appli-
cation No. 61/994,135, filed May 16, 2014, the entire
disclosure of which is incorporated by reference herein.

BACKGROUND
Technical Field

The present disclosure relates to surgical mstruments for
applying surgical staples to and cutting body tissue, and
more particularly, to a surgical instrument for progressively
placing rows of staples 1n body tissue and forming an
incision between the staple rows.

Background of Related Art

Many surgical procedures require the application of one
or more surgical fasteners, e.g., staples, to body organs and
tissue. In many instances, the staples are secured to tissue in
linear rows and the tissue 1s cut between the rows of staples.
Typically, the tool assembly for stapling and cutting tissue 1s
configured for a single use. In this manner, tissue to be
stapled and cut 1s positioned between a cartridge and an
anvil of the tool assembly and the tool assembly 1s actuated.
Any further stapling and cutting of the tissue requires
replacement of the staple cartridge. It would be beneficial to
provide a surgical stapler that 1s capable of multiple actua-
tions without having to replace the staple cartridge.

SUMMARY

A surgical stapling apparatus for progressively stapling
and forming an incision i body tissue. The apparatus
including a body portion and a tool assembly supported on
the body portion. The apparatus further including an input
cam member slidable within the body portion, a drum
member rotatably supported within the body portion, and an
output cam member slidable within the body portion. The
drum member 1s coupled to the mput cam member such that
linear movement of the input cam member eflects rotatable
movement of the drum member. The output cam member 1s
coupled to the drum member such that rotatable movement
of the drum member eflects linear movement of the output
cam member. Linear movement of the input cam member
causes linear movement of the output cam member to effect
movement of an anvil 1n relation to a cartridge between
unclamped and clamped positions.

In one embodiment, the drum member includes a first post
and a second post and the mput cam member and output cam
member each define a slot, the first post being slidably
received 1n the slot of the input cam member and the second
post being slidably received within the slot of the output cam
member. The slot of the mput cam member may include a
helical portion and a linear portion and the slot 1n the output
cam member may be helical. The advancement of the mput
cam member may cause the {irst post to traverse the helical
portion of the slot 1n the mput cam member to rotate the
drum member and rotation of the drum member may cause
the second post to traverse the slot of the output cam

member to effect linear movement of the output cam mem-
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2

ber. Receipt of the first post within the linear portion of the
slot 1n the mput cam member may permit linear movement
of the mput cam member without effecting rotatable move-
ment of the drum member.

The surgical stapling apparatus may further include a
pusher driver coupled to the mput cam member. The pusher
driver may define dwell slots and the input cam member may
define tabs. The tabs may be slidably received within the
dwell slots to permit linear movement of the input cam
member relative to the pusher driver. In embodiments, linear
advancement of the pusher driver eflects corresponding
movement of the mput cam member after the tabs are
advanced to a distal end of the dwell slots.

The surgical stapling apparatus may also include a knife
driver coupled to the input cam member. The knife driver
may define dwell slots and the tabs of the input cam member
may be slidably received within the dwell slots to permait
lincar movement of the mput cam member relative to the
knife driver. Linear advancement of the knife driver may
correspond to movement of the input cam member after the
tabs are advanced to a distal end of the dwell slots.

In some embodiments, the distal end of the dwell slots of
the knife driver are spaced distally from the distal end of the
dwell slots of the pusher driver such that the mput cam
member effects advancement of the knife driver subsequent
to advancing the pusher driver. Advancement of the pusher
driver may staple tissue and advancement of the knife driver
may cut tissue.

In addition, the surgical stapling apparatus may include a
staple supply assembly supported within the tool assembly.
The staple supply assembly may include a pair of pressure
plates each including a plurality of extensions that engage a
proximal staple 1n a plurality of rows of staples. The pressure
plates may be biased 1n a distal direction by a spring. The
spring may be connected to each of the pressure plates by a
spring clip. Each of the pair of pressures plates may include
three extensions.

Also provided 1s a surgical apparatus including, a body
portion, a first member slidable within the body portion, a
second member rotatably supported within the body portion
and operably connected to the first member, and a third
member slidable within the body portion and operably
connected to the body portion. Linear movement of the first
member eflects rotational movement of the second member
which eflects linear movement of the third member.

The surgical apparatus may further include a fourth mem-
ber slidable within the body portion, wherein linear move-
ment of the first member eflects linear movement of the
fourth member. The surgical apparatus may further include
a fifth member slidable within the body portion, wherein
linecar movement of the first member eflects linear move-
ment of the fifth member.

In addition a surgical apparatus including a body portion,
a first elongate member slidable within the body portion, a
second elongate member slidable within body portion and
operably connected to the first elongate member, and a third
clongate member slidable within the body portion and
operably connected to the first member 1s provided.
Advancement of the first elongate member a first distance
cllects retraction of the second elongate member and
advancement of the first elongate member a second distance
ellects advancement of the third elongate member.

The surgical apparatus may further include a fourth elon-
gate member slidable within the body portion and operably
connected to the first elongate member. Advancement of the
first elongate member a third distance eflects continued
advancement of the third elongate member and advancement




US 10,722,231 B2

3

of the fourth elongate member. The surgical apparatus may
turther include a cylindrical member rotatably supported
within the body portion. Advancement of the first elongate

member the first distance may eflect rotation of the cylin-
drical member which eftects retraction of the second elon-

gate member.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, 1llustrate embodi-
ments of the disclosure and, together with a general descrip-
tion of the disclosure given above, and the detailed descrip-
tion of the embodiment given below, serve to explain the
principles of the disclosure, wherein:

FIG. 1 1s a perspective view of a surgical stapler including,
a loading unit according to an embodiment of the present
disclosure;:

FIG. 2 15 a top view of the loading unit shown in FIG. 1;

FIG. 3 1s a side view of the loading unmit shown 1n FI1G. 1;

FI1G. 4 1s a perspective view of loading unit shown in FIG.
1

FIG. 5 1s an exploded perspective view of the body
portion of the loading unit shown 1 FIG. 1;

FIG. 6 1s an exploded perspective view of a tool assembly
of the loading unit shown 1n FIG. 1;

FIG. 6A 1s an enlarged perspective view of a housing
member, a staple cartridge, and a cartridge cover of the tool
assembly shown in FIG. 7;

FIG. 6B 1s another perspective view ol the housing
member, the staple cartridge, and the cartridge cover shown
in FIG. 6A:;

FIG. 7 1s a perspective view of a pusher assembly of the
loading unit shown 1 FIG. 1;

FIG. 7A 1s an enlarged perspective view of a pusher
member of the pusher assembly shown i FIG. 7;

FI1G. 8 1s a perspective view of a knife driver assembly of
the loading umt shown 1n FIG. 1;

FIG. 9 15 a perspective view of an anvil assembly of the
loading unit shown 1n FIG. 1;

FIG. 10 1s a cross-sectional view of the loading unit
shown 1n FIG. 1 taken along section line 10-10 in FIG. 2;

FIG. 11 1s an enlarged view of the indicated area of detail
shown 1n FIG. 10;

FIG. 12 1s a perspective view of the tool assembly of the
loading unit shown 1n FIG. 1 1n a first articulated position;

FIG. 13 1s a perspective view of the tool assembly of the
loading unit shown 1n FIG. 1 1n a second articulated posi-
tion;

FI1G. 14 1s an enlarged view of the indicated area of detail
shown 1n FIG. 10;

FIG. 15 1s a perspective view of the loading unit shown
in FIG. 1 with a sleeve of a body portion removed;

FIG. 16 1s an enlarged view of the indicated area of detail
shown 1n FIG. 15;

FIG. 17 1s a perspective assembled view of the pusher
assembly shown 1n FIG. 7, the knife driver assembly shown
in FIG. 8, and the anvil assembly shown 1n FIG. 9 of the
loading unit shown i FIG. 1;

FIG. 18 1s another perspective view of the assemblies
shown 1n FIG. 17;

FIG. 19 1s another perspective view of the assemblies
shown 1n FIG. 17;

FI1G. 20 1s a perspective view of a safety lock assembly of
the loading umit shown 1n FIG. 15;

FIG. 21 1s an enlarged view of the indicated area of detail

shown 1n FIG. 20;
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FIG. 22 1s a perspective view of a linear actuator of the
satety lock assembly shown 1n FIG. 20;

FIG. 23 15 a perspective view of a lock member of the
satety lock assembly shown 1n FIG. 20;

FIG. 24 1s a perspective view of the proximal end of the
loading unit shown 1n FI1G. 20 with the safety mechanism 1n
a first or locked position;

FIG. 25 15 a side view of the proximal end of the loading
unit shown 1 FIG. 20 with a first housing half removed;

FIG. 26 1s a perspective view of the proximal end of the
loading unmit shown 1n FIG. 20 with the safety lock assembly
in a second or unlocked position;

FIG. 27 1s a perspective end view of the proximal end of
the loading unit shown 1n FIG. 20 with a first housing half
removed;

FIG. 28 15 a perspective view of the tool assembly of the
loading unit shown 1n FIG. 1;

FIG. 29 1s another perspective view of the tool assembly
of the loading unit shown 1n FIG. 1;

FIG. 30 1s a perspective view of the loading unit shown
in FIG. 1 with the outer sleeves of the body portion and the
tool assembly removed;

FIG. 31 1s an enlarged view of the indicated area of detail
shown 1n FIG. 30;

FIG. 32 1s a perspective side view of the tool assembly
shown 1n FIG. 30;

FIG. 33 1s an enlarged perspective view of the distal end
of the tool assembly shown 1n FIG. 32;

FIG. 34 1s an enlarged perspective end view of the distal
end of the tool assembly shown 1n FIG. 32 with outer sleeve
of the tool assembly and the anvil member removed;

FIG. 35 1s an enlarged perspective end view of the distal
end of the tool assembly shown 1n FIG. 33 with the cartridge
cover removed;

FIG. 36 1s a cross-sectional view of the loading unit
shown in FIG. 1 taken along section line 36-36 shown 1n
FIG. 3;

FIG. 37 1s a cross-sectional view of the loading unit
shown 1n FIG. 1 taken along section line 37-37 shown 1n
FIG. 3;

FIG. 38 1s a cross-sectional view of the loading unit
shown in FIG. 1 taken along section line 38-38 shown 1n
FIG. 3;

FIG. 39 1s a cross-sectional view of the loading unit
shown 1n FIG. 1 taken along section line 39-39 shown 1n
FIG. 10;

FIG. 40 1s an enlarged view of the indicated area of detail
shown 1n FIG. 39;

FIG. 41 1s a perspective side view of the loading unit
shown 1n FIG. 1 with the outer sleeves of the body portion
and tool assembly removed;

FIG. 42 1s an enlarged view of the indicated area of detail
shown FIG. 41;

FIG. 43 1s a perspective view of a staple supply assembly
of the loading unit shown 1n FIG. 1;

FIG. 44 1s another perspective view of the staple supply
assembly shown in FIG. 43;

FIG. 45 1s a side view of the functional components of the
loading unit shown 1 FIG. 1 1n an unclamped position;

FIG. 46 1s an enlarged view of the indicated area of detail
shown 1n FIG. 45;

FIG. 47 1s a cross-sectional end view of the functional
components shown in FIG. 45 taken along section line 47-47
shown 1n FIG. 46;

FIG. 48 1s a cross-sectional end view of the functional
components shown in FIG. 45 taken along section line 48-48

shown 1n FIG. 45;
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FIG. 49 15 a side view of the functional components of the
loading unit shown 1 FIG. 1 1n a clamped position;

FIG. 50 1s an enlarged view of the indicated area of detail
shown 1n FIG. 49;

FIG. 51 1s a cross-sectional end view of the functional
components shown in FIG. 49 taken along section line 51-51
shown 1n FIG. 50;

FIG. 52 1s a perspective view of the functional compo-
nents shown 1n FIG. 45 1n the clamped position;

FIG. 53 15 an enlarged view of the indicated area of detail
shown 1n FIG. 52;

FIG. 54 1s a side view of the tool assembly shown 1n FIG.
1 in the clamped position;

FIG. 55 1s the view of the functional components shown
in FIG. 50 1n an fully-actuated position;

FIG. 56 1s the view of the tool assembly shown 1n FIG. 11
in an actuated position;

FIG. 57 1s an enlarged side view of the distal end of the
tool assembly shown i FIG. 55 with the anvil assembly
shown 1n phantom:;

FIG. 58 15 a perspective view of the tool assembly of the
loading unit shown in FIG. 1 in use stapling and cutting
tissue; and

FIG. 59 1s a top view of tissue stapled and cut using the
surgical staple shown in FIG. 1.

DETAILED DESCRIPTION

Embodiments of the presently disclosed surgical stapling
apparatus will now be described in detail with reference to
the drawings in which like reference numerals designate
identical or corresponding elements 1n each of the several
views. Throughout this description, the term “proximal”™ will
refer to the portion of the apparatus closest to the user and
the term ““distal” will refer to the portion of the apparatus
tarthest from the user.

With reference mitially to FIG. 1, a surgical instrument
for applying surgical staples to body tissue 1s shown gen-
erally as surgical stapler 10. Surgical stapler 10 1s configured
to cut and fasten body tissue. In particular and as will be
described in further detail below, surgical stapler 10 1s
configured to progressively apply a plurality of surgical
fasteners to tissue while progressively forming an incision in
the fastened tissue during an endoscopic procedure.
Although shown and described as relating to a surgical
istrument for applying surgical staples to body tissue, the
aspects of the present disclosure may be modified for use 1n
other surgical instruments, e.g., surgical forceps, mesh
deployment devices.

Surgical stapler 10 includes a loading unit 12 for fastening
and cutting tissue and an actuation unit 14 for controlling
and actuating the loading unit 12. As shown, the actuation
unit 14 includes a handle assembly 16 configured for oper-
able engagement by a user and for manual actuation of
loading unit 12. An elongated body portion 18 extends from
handle assembly 16 and 1s configured to operably connect
loading unit 12 to handle assembly 16. It 1s envisioned that
loading unit 12 may be configured for operation with
actuation units having alternate configurations. For example,
the actuation unit may include a powered handle assembly
or robotic system. In other embodiments, loading unit 12
may be itegrally formed with actuation unit 14. For a
detalled description of an exemplary actuation umt for
controlling and actuating loading unit 12, please refer to
commonly owned U.S. Pat. No. 6,330,963, the content of
which 1s incorporated by reference herein in its entirety.
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With reference now to FIGS. 1-6, loading unit 12 of
surgical stapler 10 includes a body portion 100 and a tool
assembly 102 pivotally connected to body portion 100. The
body portion 100 of the loading unit 12 1s configured to be
releasably coupled to elongated body portion 18 of actuation
umt 14. Although shown as being configured for bayonet
coupling, 1t 1s envisioned that loading unit 12 may be
modified for connection with elongated body portion 18 of
actuation unit 14 in any suitable manner.

With particular reference now to FIG. 5, body portion 100
of loading unit 12 includes an outer sleeve 104 which
receives first and second housing halves 106, 108, an input
cam bar 112, and a drum assembly 114. As will be described
in further detail below, mput cam bar 112 1s slidably
received within first and second housing halves 106, 108 and
drum assembly 114 1s rotatably mounted within first and
second housing halves 106, 108. Input cam bar 112 and
drum assembly 114 are configured to effect actuation of tool
assembly 102 of loading unit 12 during operation of surgical

stapler 10 (FIG. 1), as will be described in further detail
below.

With continued reference to FIG. 35, body portion 100 of
loading unit 12 further includes a drive member 116, a safety
lock assembly 118, and an articulation rod 120. As will be
described 1n further detail below, drive member 116 1s
configured for operable engagement with a drive member
(not shown) of actuation unit 14 (FIG. 1) such that operation
of the actuation unit 14 effects operation of the tool assembly
102, as will be discussed 1n detail below. Safety lock
assembly 118 1s configured to prevent actuation of loading
unmit 12 until loading unit 12 is secured to elongated body
portion 18 (FIG. 1) of actuation unit 14 (FIG. 1), and
articulation rod 120 1s configured to eflectuate articulation of
tool assembly 102 relative to body portion 100.

Operation of the safety lock assembly 118 1s described 1n
commonly owned U.S. Pat. No. 8,469,254, the content of
which 1s incorporated herein by reference in its entirety. A
first connecting element 121a extends from a distal end of
first housing half 106 and a second connecting element 1215
extends from a distal end of second housing half 108. First
and second connecting elements 121a, 1215 are coupled
about a pivot pin 119 to pivotally secure tool assembly 102
to body portion 100.

With reference now to FIG. 6 tool assembly 102 of
loading unit 12 includes an outer sleeve 122 configured to
receive a housing member 124 and a staple cartridge 126.
Staple cartridge 126 1s configured to be capped by a car-
tridge cover 128. Tool assembly 102 further includes a pair
of pressure plates 130, a spring clip 132, a spring 134, and
a pair of pusher members 136. As will be described 1n further
detail below, pressure plates 130, spring clip 132, and spring
134 operate within housing member 124 and staple cartridge
126 as a staple supply assembly 210 for supplying staples
“S” to pusher members 136. Each pressure plate 130
includes a plurality of extensions 130a each configured for
engaging proximal staple 1n a row of staples. Each extension
130a includes a substantially C-shaped cross-section corre-
sponding to the shape of staple “S”.

As will be described in further detail below, a pusher
driver 142, a pair of knife drivers (referred to collectively as
knife driver 144), and an output cam bar 146 extend from
body portion 100 (FIG. 4) of loading unit 12 into tool
assembly 102. Each of pusher driver 142, knife driver 144,
and output cam bar 146 includes a tlexible portion 142c,
144c, 146¢, respectively, to facilitate articulated of the tool
assembly 102 1n relation to body portion 100. Pusher driver
142 1s slidably secured relative to housing member 124 of
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tool assembly 102 by a first securement pin 150 and a pair
of bearing rings 150a, 1505 as will be described 1n further
detail below. Knife drivers 144 and output cam bar 146 are
slidably secured relative to housing member 124 of tool
assembly 102 by a second securement pin 154 and a bearing >
ring 154a as will be described 1n further detail below.
With particular reference now to FIGS. 6A and 6B, a
proximal end 124a of housing member 124 defines a first
longitudinal channel 201 (FIG. 6B) which communicates
with a semi-annular cutout 203. A distal end 1245 of housing
member 124 further defines a pair of longitudinal cutouts
205 which communicate with semi-annular cutout 203.
Housing member 124 further defines a second longitudinal
channel 211 (FIG. 6A) having an inner portion 211a and an
outer portion 2116 extending along the length of housing
member 124. Housing member 124 also defines first and
second internal channels 215a, 21556 and a circular bore 221

(FIG. 6A).

With reference still to FIGS. 6A and 6B, a proximal end
126a of staple cartridge 126 defines a pair of longitudinal
cutouts 207 which align with longitudinal cutouts 203
formed 1n distal end 1246 of housing member 124 when
housing member 124 and staple cartridge 126 are
assembled. A distal end 12656 of staple cartridge 126 defines
a pair of cutouts 209 which communicate with longitudinal
cutouts 207. A distal end 1265 of staple cartridge 126 also
defines a plurality of notches 209a. Staple cartridge 126
turther defines a longitudinal channel 213 having inner and
outer portions 213a, 2135 corresponding to mner and outer
portions 211a, 2115 of second longitudinal channel 211 of
housing member 124. In addition, distal end 1265 of staple
cartridge 126 defines a longitudinally extending slot 213c¢

(FIG. 6A). Staple cartridge 126 also defines first and second
sets of slots 217 (FIG. 6B), 219 (FIG. 6A) which commu-

nicate with first and second internal channels 215a, 2155,
respectively, ol housing member 124. Distal ends of first and
second set of slots 217, 219 are aligned with notches 209q
(FIG. 32) formed 1n distal end 1265 of staple cartridge 126.
Staple cartridge 126 further defines a circular bore 221qa
(FIG. 6A) which communicates with circular bore 221 of

housing member 124 when staple cartridge 126 1s secured to
housing member 124.

As will be discussed in further detail below, housing 45
member 124 and staple cartridge 126 operate to receive
distal ends of pusher driver 142, knife driver 144, and output
cam bar 146

With reference now to FIG. 7, pusher members 136 and
pusher driver 142 are components of a pusher assembly 220. 50
A proximal end 142a of pusher driver 142 defines a pair of
dwell slots 143. As will be described 1n further detail below,
dwell slots 143 of pusher driver 142 slidably receive tabs
152 (FIG. 5) formed on a distal end 1125 of input cam bar
112 (FIG. 5) to permit movement ol mmput cam bar 112
relative to pusher assembly 220. A distal end 1425 of pusher
driver 142 includes a semi-annular tflange 158. A pair of
L-shaped engagement members 159 extends from semi-
annular flange 158. Engagement members 159 each include
an elongated portion 159q¢ extending from semi-annular
flange 158 and an engagement portion 1595 engaged with
pusher members 136. More particularly, pusher members
136 each include a groove 137 which receives engagement
portion 1595 of engagement members 159 to secure the
pusher member 136 to the pusher driver 142. Pusher driver
142 includes flexible portion 142¢ which extends between
body portion 100 and tool assembly 102 of loading umt 12.
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Flexible portion 142¢ permits flexion of pusher driver 142
when the tool assembly 1s actuated 1n an articulated position
relative to body portion 100.

Turning now to FIG. 8, knife driver 144 together with a
knife 160 forms a knife assembly 230. A proximal end 144a
of kmife driver 144 defines dwell slots 145. As will be
described 1n further detail below, dwell slots 145 of knife
driver 144 slidably receive tabs 152 (FIG. 5) of mput cam
bar 112 to permit movement of input cam bar 112 relative to
knife assembly 230. Knife 160 is securely mounted to a
distal end 1445 of knife driver 144 by welding, an adhesive,
and a mechanical fastener or in any other suitable manner.
Knife driver 144 includes flexible portion 144¢ which 1s
received between body portion 100 and tool assembly 102 of
loading unit 12. Flexible portion 144¢ permits flexion of
knmife driver 144 when the tool assembly 102 1s actuated in
an articulated position relative to body portion 100.

Referring now to FI1G. 9, output cam bar 146 together with
an anvil member 162 forms an anvil assembly 240. Similar
to pusher driver 142 and knife driver 144, output cam bar
146 defines dwell slots 147. As will be described 1n further
detail below, dwell slots 147 of output cam bar 146 slidably
receive tabs 152 (FIG. 5) of mput cam bar 112 to permit
movement of mput cam bar 112 relative to anvil assembly
240. Anvil member 162 includes an extension portion 164
which 1s fixedly secured to a distal end 1465 of output cam
bar 146 and an anvil portion 166 disposed on extension
portion 164. Anvil portion 166 of anvil member 162 defines
first and second sets of staple forming pockets 163, 165 and
a knife receiving pocket 167 (FIG. 28) which 1s positioned
between the first and second set of staple forming pockets
163, 165. Output cam bar 146 includes a flexible portion
146¢ which extends between body portion 100 and tool
assembly 102 of loading umit 12 and permits flexion of
output cam bar 146 when the tool assembly 102 is actuated
in an articulated position relative to body portion 100.

With reference now to FIGS. 10-13, articulation rod 120
of loading umit 12 extends along a length of body portion
100 and 1s operably connected at 1s distal end 12056 to first
securement pin 150 (FIG. 11) adjacent a proximal end of
tool assembly 102. A proximal end 120a of articulation rod
1s positioned to engage an articulation mechanism (not
shown) of the actuation unit 14. See, e.g., U.S. Pat. No.
8,469,254, the content of which was previously incorporated
by reference herein 1n 1ts entirety. 120 Movement of articu-
lation rod 120 relative to body portion 100, as indicated by
arrow “A” 1 FIG. 11, causes articulation of tool assembly
102 relative to body portion 100 about pivot pin 119. In
particular, advancement of articulation rod 120 distally
relative to body portion 100 causes articulation of tool
assembly 102 in a first direction, as indicated by arrow “B”
in FI1G. 12, about pivot pin 119 and retraction of articulation
rod 120 proximally relative to body portion 100 causes
articulation of tool assembly 102 i a second direction, as
indicated by arrow “C” 1n FIG. 13, about pivot pin 119. In
one embodiment, and as shown in the drawings, advance-
ment and retraction of articulation rod 120 1s accomplished

with lever 20 (FIG. 1) operably supported on elongated body
portion 18 (FIG. 1) of actuation unit 14 (FIG. 1).

Referring now to FIGS. 5 and 14-19, drum assembly 114
of loading unit 12 1s mounted between first and second
housing halves 106, 108 of body portion 100 for rotary
movement and includes first and second drum bearings
170a, 1705 and a drum member 172. First and second drum
bearings 170a, 1706 are secured to respective first and
second support features 176a, 17656 (FIG. 5) formed on first
housing half 106 such that drum member 172 1s rotatable




US 10,722,231 B2

9

relative to mput cam bar 112 and output cam bar 146 (FIG.
4). Drum member 172 includes first and second drum posts
174a (FI1G. 17), 1745 (FI1G. 18). First drum post 174a 1s
received within a slot 173 (FIG. 19) of input cam bar 112 and
second drum post 1745 1s recerved within a slot 175 (FIG.
18) of output cam bar 146. Slot 173 1n input cam bar 112
includes a longitudinally extending proximal portion 173a
and a helical distal portion 1735. Slot 175 1n output cam bar
146 1s helical.

As will be described 1n further detail below, the configu-
ration of slot 173 1n 1input cam bar 112 and the configuration
of slot 175 1n output cam bar 146 and the position of first and
second drum posts 174a, 1745 within respective slots 173,
175 1s such that advancement of input cam bar 112 1n a distal
direction the housing halves 106, 108 causes rotation of
drum member 172 1n a first direction and rotation of drum
member 172 1n the first direction causes retraction of output
cam bar 146 within the housing halves 106, 108. Conversely,
retraction of input cam bar 112 1n a proximal direction
causes rotation of drum member 172 1n a second direction
and rotation of drum member 172 1n the second direction
causes advancement of output cam bar 146.

As noted above, tabs 152 are formed on the distal end
1125 of mput cam bar 112. As shown in FIGS. 17-19, tabs
152 are recerved through dwell slots 143 formed 1n proximal
end 142a of pusher driver 142, through dwell slots 145 (FIG.
7) formed 1n proximal end 144a of knife driver 144, and
through dwell slots 147 formed 1n output cam bar 146. As
will be described in further detail below, dwell slots 143
formed in pusher driver 142 and dwell slots 145 formed 1n
knife drivers 144 are dimensioned such that advancement of
input cam bar 112 beyond a first distance “d1” (FIG. 50)
advances pusher driver 142 and knife driver 144 during
actuation of tool assembly 102. As will also be described 1n
turther detail below, dwell slots 147 formed 1n output cam
bar 146 are configured such that output cam bar 146 1s
permitted to retract relative to mput cam bar 112 during
actuation of tool assembly 102 to cause retraction of anvil
member 162 relative to cartridge cover 128 (FIG. 15). A
latch 176 1s formed on a proximal end of input cam bar 112
and 1s configured to be selectively engaged by safety lock
assembly 118 (FIG. 5).

With particular reference to FIGS. 17 and 18, as noted
above, drive member 116 1s securely atlixed to proximal end
1124 of input cam bar 112 and connects input cam bar 112
to a drive shaft (not shown) extending through elongated
body portion 18 (FIG. 1) of actuation unit 14 (FIG. 1) of
surgical stapler 10 (FIG. 1). For a detailed description of the
structure and function of an exemplary drive shait and the
connection of drive member 116 to an eclongated body
portion ol an actuation unit, please refer to commonly
owned U.S. Pat. No. 8,469,254 (“the 254 patent”), the
disclosure of which 1s incorporated herein by reference in 1ts
entirety.

Safety lock assembly 118 of loading unit 12 will now be
described with reference to FIGS. 20-27. Safety lock assem-
bly 118 includes a linear actuator 180, a lock member 182,
and a spring 184. Linear actuator 180 1s slidably positioned
within a longitudinal slot 179 formed in first housing half
106 of body portion 100 of loading unit 12 and 1s configured
to move 1n a longitudinal direction. Linear actuator 180
includes an abutment member 180a on a proximal end and
a spring guide 1805 on a distal end. Linear actuator 180
defines a central cam slot 181 (FIG. 22). Spring 184 is
disposed within first housing half 106 and engages spring
guide 1805 of linear actuator 180. Spring 184 biases linear
actuator 180 1n a proximal direction. Locking member 182
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1s slidably positioned within a transverse slot 18356 of first
housing half 106 of body portion 100 and 1s configured to
move 1n a transverse direction during longitudinal advance-
ment of linear actuator 180. Locking member 182 includes
a radially inwardly extending cam member 18256 (FIG. 23)
and a radially mwardly extending finger 182a (FIG. 23).
Cam member 1825 1s received within central cam slot 181
of linear actuator 180. In a first or locked position (FIGS. 24
and 23), finger 182a of locking member 182 engages latch
176 formed on proximal end 112a of mput cam bar 112 to
prevent mput cam bar 112 from moving longitudinally
within body portion 100, thereby preventing actuation of
loading unit 12.

With particular reference to FIGS. 24 and 25, safety lock
assembly 118 1s shown prior to attachment of loading unit 12
to elongated body portion 18 (FIG. 1) of actuation unit 14
(FIG. 1) of surgical stapler 10 (FIG. 1). Spring 184 urges
linear actuator 180 to the proximal position. In the proximal
position, linear actuator 180 cams finger 182a such that
locking member 182 1s moved to the locked position. As
discussed above, i the locked position, finger 182a of
locking member 182 engages latch 176 of input cam bar 112.

Turning to FIGS. 26 and 27, attachment of loading unit 12
to elongated body portion 18 (FIG. 1) of actuation unit 14
(FI1G. 1) of surgical stapler 10 (FIG. 1) causes advancement
of linear actuator 180, as indicated by arrow “D” shown 1n
FIG. 26, against the bias of spring 184. As linear actuator
180 1s advanced, cam member 1826 of lock member 182
rides within central cam slot 181 of linear actuator 180. The
angled configuration of central cam slot 181 causes locking
member 182 to rotate relative to first housing half 106.
Rotation of locking member 182 causes finger 182a of lock
member 182 to disengage from latch 176 of mput cam bar
112. Once finger 182a 1s disengaged from latch 176, input
cam bar 112 may be moved longitudinally upon actuation of
actuation unit 14 (FIG. 1). The safety lock assembly 118
prevents advancement of the mput cam bar 112 until the
loading unit 112 has been secured to an actuation unit 14.
For a more detailed description of the structure and function
of an exemplary safety lock assembly, please refer to the
"254 patent, the content of which was previously incorpo-
rated herein by reference.

Tool assembly 102 of loading unit 12 will now be
described 1n detail with reference to FIGS. 28-43. Referring
mitially to FIGS. 28-31, as noted above, tool assembly 102
1s pivotally secured to body portion 100 of loading unit 100
by pivot pin 119 and includes outer sleeve 122, housing
member 124, staple cartridge 126, and cartridge cover 128.
Staple cartridge 126 1s secured to housing member 124
through receipt of flanges 190 (FIG. 6B) of housing member
124 within notches 191 (FIG. 6B) of staple cartridge 126.
Although staple cartridge 126 1s shown secured to housing
member 124 through receipt of tlanges 190 within notches
191, staple cartridge 126 may be secured to housing member
124 1n any suitable manner. Outer sleeve 122 of tool
assembly 102 1s positioned about housing member 124 and
staple cartridge 126 to maintain the staple cartridge 126
securely attached to the housing member 124. Cartridge
cover 128 secures outer cover 122 about housing member
124 and staple cartridge 126 through a snap-fit arrangement,
or 1n any other suitable manner.

With particular reference now to FIGS. 31-33, housing
member 124 and staple cartridge 126 operably receive a
distal end of pusher assembly 220 (FIG. 7). In particular,
flexible portion 142¢ of pusher driver 142 1s slidably
received within first longitudinal channel 201 in housing
member 124. Pusher driver 142 1s maintained within first
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longitudinal channel 201 by first securement pin 150 and
bearing rings 150a, 1505. Specifically, bearing rings 150a,
1506 which rotate about securement pin 150 engage pusher
driver 142 to facilitate longitudinal movement of pusher
driver 142 relative to housing member 124.

Semi-annular flange 158 of pusher driver 142 1s slidably
received within semi-annular cutout 203 in housing member
124 and 1s movable between a retracted position (FIG. 54)
and an advanced position (FIG. 57). Flongated portions
159a of engagement members 139 of pusher driver 142 are
slidably received within longitudinal cutouts 205 of housing
member 124. Elongated portions 159q of engagement mem-
bers 159 extend from longitudinal cutouts 205 of housing
member 124 and are shidably received within longitudinal
cutouts 207 of staple cartridge 126. Engagement members
159 engage pusher members 136 of pusher driver 142 which
are recerved within cutouts 209 in staple cartridge 126.
Specifically, engagement portions 1596 of engagement
members 159 of pusher drniver 142 are slidably receirved
within grooves 137 of pusher members 136. The staple
engagement portions 136a of pusher members 136 are
slidably received within the plurality of notches 209a (FIG.
33) 1n staple cartridge 126 and are positioned to selectively
a distal-most staple of each row of staples “S”.

Referring also to FIG. 34, housing member 124 and staple
cartridge 126 further receive distal ends of kmife driver
assembly 230 (FIG. 8) and anvil assembly 240 (FIG. 9). In
particular, the distal end 1445 of knife driver 144 1s slidably
received within the mner portion 211a of second longitudi-
nal channel 211 of housing member 124 and the distal end
14656 of output cam bar 146 1s slidably received within the
outer portion 2115 of second longitudinal channel 211 of
housing member 124. Knife driver 144 and output cam bar
146 are maintained within second longitudinal channel 201
by second securement pin 154 and bearing ring 154a.
Specifically, bearing ring 154a which rotates about second
securement pin 154 engages output cam bar 146 to facilitate
longitudinal movement of knife driver 144 and output cam
bar 146 relative to housing member 124.

The distal end 1445b of knife driver 144 1s recerved within
inner portion 213a of longitudinal channel 213 of staple
cartridge 126 and the distal end 1465 of output cam bar 146
and anvil 162 of anvil assembly 240 are received within
outer portion 2135 of longitudinal channel 213. The knife
160 which 1s mounted on the distal end 1445 of knife dniver
144 1s received within longitudinally extending slot 213¢ of
staple cartridge 126.

With particular reference now to FIGS. 36-44, housing
member 124 and staple cartridge 126 are also configured to
operably receive staple supply assembly 210. In particular,
pressure plates 130 of staple supply assembly 210 1s slidably
received within each of first and second internal channels
215a, 215b. Spring clip 132 (FIG. 42) 1s secured to a
proximal end of each pressure plate 130. A proximal end
134a of spring 134 1s received through central bore 221 of
housing member 124 and 1s secured to spring clip 132.
Spring 134 acts on spring clip 132 to bias pressure plates 130
in a distal direction through first and second internal chan-
nels 215a, 2156. A row of staple “S” 1s received through
cach slot of first and second set of slots 217, 219 of staple
cartridge 126. A distal end 1346 of spring 134 extends
through circular bore 221a of staple cartridge 126 and 1s
secured to a retaining pin 222 (FIG. 33) which 1s positioned
adjacent distal end 1265 of staple cartridge 126. Extensions
130a of pressure plates 130 engage a proximal staple of each
row of staples “S” to urge the row of staples “S” distally
towards engagement portions 136a of pusher members 136.

10

15

20

25

30

35

40

45

50

55

60

65

12

Cartridge cover 128 and distal end 12656 of staple car-
tridge 126 define first and second sets of openings 223, 225
(FIG. 38) which are positioned adjacent distal ends of
respective slots 217, 219 (FI1G. 37) 1n staple cartridge 126.
The staples “S” are ejected by pusher members 136 through
the openings 223, 225. First and second set of openings 223,
2235 are aligned with respective staple forming pockets 163,
165 formed 1 anvil 166 of anvil member 162.

The operation of loading umt 12 will now be described
with reference to FIGS. 45-59. Referring mitially to FIGS.
45-48, loading unit 12 1s shown in an initial or unclamped
position. In the unclamped position, first drum post 174a
formed on drum member 172 of drum assembly 114 (FIG.
5) 1s disposed within a proximal end of helical portion 1735
of slot 173 formed in mput cam bar 112 and second drum
post 174b formed on drum member 172 1s disposed 1n a
proximal end of slot 175 formed 1n output cam bar 146. In
the unclamped position, anvil 166 of anvil bar 146 1s
longitudinally spaced from cartridge cover 128 (FI1G. 49) of
tool assembly 102.

FIGS. 49-54 1illustrate loading unit 12 1 a clamped
position. Movement of loading unit 12 from the unclamped
position to the clamped position 1s caused by advancing
iput cam bar 112 of loading unit 12 in a distal direction.
More specifically, as mput cam bar 112 1s advanced distally
1in response to operation of actuation unit 14, a first distance
“d1”, as indicated by arrow “E” 1n FIG. 50, first drum post
174a formed on drum member 172 traverses helical portion
1735 of slot 173 1n input cam bar 112 causing drum member
172 to rotate 1n a first direction, as indicated by arrow “F”
in FIG. 51. Rotation of drum member 172 in the first
direction relative to output cam bar 146 moves second drum
post 1745 formed on drum member 172 within slot 1735
formed 1n output cam bar 146. Movement of second drum
post 1745 relative to output cam bar 146 causes output cam
bar 146 to retract, as indicated by arrow “G” 1n FIG. 50.
Retraction of output cam bar 146 moves anvil member 162
relative to cartridge cover 128, as indicated by arrow “H” 1n
FIG. 49.

As noted above, dwell slots 174 formed 1n output cam bar

146 are dimensioned to permit movement of output cam bar
146 relative to input cam bar 112. Dwell slots 143 (FIG. 53)

formed 1n pusher driver 142 and dwell slots 145 (FIG. 8)
formed 1n knife driver 144 are also dimensioned to permit
advancement of input cam bar 112 relative to pusher driver
142 and knife driver 144. In particular, the length of dwell
slots 143, 145 of respective pusher drniver 142 and knife
driver 144 1s such that tabs 152 formed on distal end 1125
of input cam bar 112 traverse therethrough as input cam bar
112 1s advanced the first distance “d1”.

The length of dwell slots 143, 145 of respective pusher
driver 142 and knife drive 144 1s such that advancement of
input cam bar 112 beyond the first distance “d1,” as 1ndi-
cated by arrow “J” 1 FIG. 55, causes tabs 152 to engage
cach of pusher driver 142 and knife driver 144. Once tabs
152 of input cam bar 112 engage pusher driver 142 and knife
driver 144, continued advancement of mput cam bar 112
causes advancement of pusher driver 142 in the distal
direction, as indicated by arrow “K” i FIG. 56, and
advancement of knife driver 144 1n the distal direction, as
indicated by arrow “L” 1n FI1G. 56. It 1s envisioned that dwell
slots 143, 145 of respective pusher drniver 142 and knife
driver 144 may be configured such that pusher driver 142
and knife driver 144 are advanced simultaneously or the
advancement of knife driver 144 1s delayed relative to the
advancement of pusher driver 142 to allow for the stapling
of tissue ““1”” prior to cutting of tissue “I”. Receipt of first
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drum post 174a within longitudinal portion 173a of slot 173
formed 1n mmput cam bar 112 permits advancement of input
cam bar 112 relative to drum member 172 without causing
drum member 172 to rotate. In this manner, output cam bar
146 1s maintained in the retracted position during continued
advancement of input cam bar 146 relative to drum member
172.

With reference now to FIGS. 535-57, loading unit 12 1s
shown 1n a fully-actuated position. Loading unit 12 1s moved
to the fully-actuated position through advancement of input
cam bar 112 in the distal direction a second distance “d2”
(FIG. 55). As loading unit 12 1s moved beyond the first
distance “d1” and to the fully-actuated position, pusher
driver 142 1s advanced distally to staple tissue “1” (FIG. 56)
and knife driver 144 1s advanced distally to cut tissue “17.
In particular, and with reference to FIGS. 56 and 57, as
pusher driver 142 1s advanced, engagement portion 1595 of
engagement members 159 of pusher driver 142 engage
pusher members 136 causing pusher members 136 to
advance relative to anvil 166 of anvil member 164, as
indicated by arrows “M” 1n FIG. 57. As pusher members 136
are advanced, each engagement portions 136a of each
pusher member 136 contacts a distal-most staple 1n a row of
staples “S” and forces the distal-most staple out through
openings 223, 2235 formed between distal end 1265 of staple
cartridge 126 and cartridge cover 127, through tissue “1.”
and mto engagement with staple forming pockets 163, 165
(FIG. 33) of anvil 166. As knife dniver 144 1s advanced,
knife 160 1s advanced through tissue “I”” and into slot 167
formed between staple forming pockets 163, 165.

After loading unit 12 reaches the fully-actuated position,
retraction of input cam bar 112 causes sequential retraction
of pusher driver 142 and knife driver 144 and advancement
anvil member 162 to an unclamped position. When the
pusher driver 142 1s retracted, the engagement portions 1364
of pusher members 136 are retracted to a position to allow
a subsequent staple “S” of each row of staples to be
positioned nto of notches 2094 (FIG. 32) formed 1n distal
end 1265 of staple cartridge 126. As noted above, spring 134
of stapling supply assembly 210 biases pressure plates 130
distally to urge the rows of staples “S” distally into align-
ment with engagement portions 136a of pusher members
136. Once mput cam bar 112 1s returned to 1ts 1nitial
position, loading unit 12 1s ready for the subsequent actua-
tion. It 1s envisioned that mput cam bar need not return
completely to the pre-actuated position before loading unit
12 can be subsequently actuated.

With reference now to FIGS. 58 and 59, 1n use, actuation
unit 14 (FIG. 1) 1s manipulated such that loading unit 12 1s
disposed adjacent tissue ““I” to be stapled and cut. As
described above, tool assembly 102 of loading unit 12 may
be articulated relative to body portion 100 of loading unit 12
to facilitate positioning of tissue ““1”” between anvil 166 and
cartridge cover 128. Once tissue “T” 1s properly positioned,
handle assembly 16 (FIG. 16) of actuation unit 12 may be
actuated to cause the clamping of tissue “T”. Continued
actuation of handle assembly 16 causes stapling and cutting
to tissue ““1”°. After a complete actuation of handle assembly
16, loading unit 12 may be repositioned relative to tissue “17
and a second actuation ol handle assembly 16 may be
performed to clamp, staple, and cut tissue. This process may
be repeated as necessary to complete a given procedure.

Although the illustrative embodiments of the present
disclosure have been described herein with reference to the
accompanying drawings, 1t 1s to be understood that the
disclosure 1s not limited to those precise embodiments, and
that various other changes and modifications may be
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cllected therein by one skilled in the art without departing
from the scope or spirit of the disclosure.

The mvention claimed 1s:

1. A surgical apparatus comprising:

an actuation assembly;

a body portion releasably coupled to the actuation assem-
bly and defining a longitudinal axis;

a first member slidable within the body portion along the
longitudinal axis, the first member including an 1nput
cam bar and a set of tabs on a distal portion of the input
cam bar;

a second member rotatably supported within the body
portion about the longitudinal axis and operably con-
nected to the first member;

a third member slidable within the body portion along the
longitudinal axis and extending distally from the body

portion, the third member being operably connected to

the second member, wherein linear movement of the
first member causes rotational movement of the second
member which causes linear movement of the third
member; and

a fourth member slidable within the body portion,
wherein linear movement of the first member causes
linear movement of the fourth member.

2. The surgical apparatus of claim 1, wherein the fourth

member extends distally from the body portion.

3. The surgical apparatus of claim 1, further including a
fifth member slidable within the body portion, wherein
linear movement of the first member causes linear move-
ment of the fifth member.

4. The surgical apparatus of claim 3, wherein the fifth
member extends distally from the body portion.

5. A surgical apparatus comprising:

a body portion defining a longitudinal axis;

a first member slidable within the body portion along the

longitudinal axis;

a second member rotatably supported within the body
portion about the longitudinal axis and operably con-
nected to the first member, the second member 1nclud-
ing a drum member and first and second drum posts on
the drum member;

a third member slidable within the body portion along the
longitudinal axis and extending distally from the body
portion, the third member being operably connected to
the second member, wherein linear movement of the
first member causes rotational movement of the second
member which causes linear movement of the third
member.

6. A surgical apparatus comprising:

an actuation assembly;

a body portion releasably coupled to the actuation assem-
bly and defining a longitudinal axis;

a first member slidable within the body portion along the
longitudinal axis;

a second member rotatably supported within the body
portion about the longitudinal axis and operably con-
nected to the first member;

a third member slidable within the body portion along the
longitudinal axis and extending distally from the body
portion, the third member being operably connected to
the second member and including an output cam mem-
ber, wherein linear movement of the first member a first
distance in a distal direction causes rotational move-
ment of the second member which causes linear move-
ment of the third member 1n a proximal direction.
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7. The surgical apparatus of claim 1, wherein the fourth
member includes a pusher member and a semi-annular
flange on a distal portion of the pusher member.

8. The surgical apparatus of claim 3, wherein the {fifth
member 1ncludes a knife driver.

9. The surgical apparatus of claim 1, wherein the linear
movement of the first member a first distance 1n a distal
direction causes the linear movement of the third member 1n

a proximal direction.
10. The surgical apparatus of claim 1, wherein the linear

movement of the first member a second distance 1n the distal
direction causes linear movement of the fourth member in a

proximal direction.
11. The surgical apparatus of claim 3, wherein the linear

movement of the first member a third distance in the distal
direction causes linear movement of the fifth member 1n a
distal direction.

12. The surgical apparatus of claim 3, further including a
fourth member slidable within the body portion, wherein
linear movement of the first member causes linear move-
ment of the fourth member.

13. The surgical apparatus of claim 12, further including
a filth member shidable within the body portion, wherein
linear movement of the first member causes linear move-
ment of the fifth member.
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14. The surgical apparatus of claim 5, wherein the linear
movement of the first member a first distance in a distal
direction causes the linear movement of the third member 1n
a proximal direction.

15. The surgical apparatus of claim 12, wherein the linear
movement of the first member a second distance 1n the distal
direction causes linear movement of the fourth member in a
proximal direction.

16. The surgical apparatus of claim 6, further including a
fourth member slidable within the body portion, wherein
linecar movement of the first member causes linear move-
ment of the fourth member.

17. The surgical apparatus of claim 16, further including
a fifth member slidable within the body portion, wherein
linear movement of the first member causes linear move-
ment of the fifth member.

18. The surgical apparatus of claim 16, wherein the linear
movement of the first member a second distance 1n the distal
direction causes linear movement of the fourth member 1n a
proximal direction.
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